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AKI

:   acute kidney injury

ALP

:   alkaline phosphatase

ALT

:   alanine transaminase

AST

:   aspartate aminotransferase

BMI

:   body mass index

CCI

:   comprehensive complication index

CI

:   confidence interval

CIT

:   cold ischemia time

CKD

:   chronic kidney disease

CMV

:   cytomegalovirus

CNI

:   calcineurin inhibitor

DBD

:   donation after brain death

DCD

:   donation after circulatory death

eGFR

:   estimated glomerular filtration rate

HCC

:   hepatocellular carcinoma

HCV

:   hepatitis C virus

HR

:   hazard ratio

ICU

:   intensive care unit

INR

:   international normalized ratio

LDLT

:   living donor liver transplantation

LT

:   liver transplantation

MELD

:   Model for End‐Stage Liver Disease

NSBB

:   nonselective beta‐adrenergic blocker

OR

:   odds ratio

pRBC

:   packed red blood cells

RRT

:   renal replacement therapy

sCr

:   serum creatinine

UTI

:   urinary tract infection

WIT

:   warm ischemia time

WLST

:   withdrawal of life‐sustaining therapies

Liver transplantation (LT) is the only definitive treatment option for selected patients with end‐stage liver disease.^(^ [^1^](#lt25755-bib-0001){ref-type="ref"} ^)^ With growing numbers of patients on the waiting lists, there is a constantly increasing shortage of available organs. The use of marginal grafts for transplantation, such as grafts from donation after circulatory death (DCD) donors, is a major approach to extend the donor pool and to overcome this organ shortage. According to the United Network for Organ Sharing database, the number of grafts from DCD donors transplanted increased from 12% to 16% between 2012 and 2014 in North America.^(^ [^2^](#lt25755-bib-0002){ref-type="ref"} ^)^ The disadvantage of DCD grafts is a 10% lower 1‐year graft survival rate and a distinct increase of biliary complications after transplantation.^(^ [^3^](#lt25755-bib-0003){ref-type="ref"}, [^4^](#lt25755-bib-0004){ref-type="ref"} ^)^ Furthermore, it was reported previously that patients who received a DCD liver were also under higher risk to develop extrahepatic complications including renal dysfunction. The mechanisms behind the development of acute kidney injury (AKI) and chronic kidney disease (CKD) after LT are not completely understood yet. However, it has been suggested that besides recipient risk factors, donor quality is an important factor to determine longterm outcomes of kidney injury.^(^ [^5^](#lt25755-bib-0005){ref-type="ref"}, [^6^](#lt25755-bib-0006){ref-type="ref"} ^)^ In 2012, Leithead et al. evaluated risk factors for AKI and CKD in 88 DCD liver recipients and compared the results to a propensity score--matched donation after brain death (DBD) population.^(^ [^7^](#lt25755-bib-0007){ref-type="ref"} ^)^ The authors reported a significantly higher incidence of AKI in DCD LT compared with DBD LT (DCD versus DBD, 53.4% versus 31.8%; *P* = 0.004). Furthermore, they found AKI to be a risk factor for CKD and mortality in DCD recipients.^(^ [^7^](#lt25755-bib-0007){ref-type="ref"} ^)^ Peak aspartate aminotransferase (AST) levels in the early posttransplant period were associated with renal dysfunction after LT.^(^ [^7^](#lt25755-bib-0007){ref-type="ref"} ^)^ During ischemia/reperfusion injury of the liver, a systemic inflammatory response is induced, which can directly lead to renal tubular cell death.^(^ [^8^](#lt25755-bib-0008){ref-type="ref"} ^)^ Other factors that have been described to increase the risk for the development of post‐LT AKI and, later on, de novo CKD include pre‐existing renal dysfunction and high Model for End‐Stage Liver Disease (MELD) score.^(^ [^9^](#lt25755-bib-0009){ref-type="ref"}, [^10^](#lt25755-bib-0010){ref-type="ref"} ^)^ Since post‐LT renal complications have a significant negative impact on overall outcomes after LT, it is important to carefully evaluate the prevalence of AKI and CKD after LT in order to enable a potential necessary adaption of post‐LT treatment protocols (eg, immunosuppression).

Using a recent series of a high‐volume LT center, we aimed to compare the development of post‐LT AKI and CKD in recipients of DBD, DCD, and living donor liver transplantation (LDLT) grafts and to assess its impact on longterm patient outcome.

Patients and Methods {#lt25755-sec-0002}
====================

Patient Cohort and Study Design {#lt25755-sec-0003}
-------------------------------

In this retrospective study, all LTs performed from January 2012 to December 2016 at the Multi‐Organ Transplant Program, Toronto General Hospital, were included. Patients were grouped into DBD, LDLT, and DCD donors. Pediatric recipients (\<18 years) and patients transplanted for fulminant liver failure, patients receiving domino or split LT, and patients with polycystic kidney disease were excluded. Additionally, patients who were in need of pretransplant renal replacement therapy (RRT) were removed from the analysis (total n = 30; DBD n = 23, DCD n = 4, LDLT n = 3). In cases of retransplantation, only the first transplantation was included in the analysis. Data were extracted from our prospectively maintained organ transplant tracking record and complemented by electronic or paper chart review. Data included demographics, renal history, transplantation‐related data, donor data, follow‐up laboratory values for recipients in terms of graft and kidney functions, and post‐LT complications. The study has been approved by the ethics committee of the Toronto General Hospital, University Health Network, Toronto.

Liver Grafts and LT Procedure {#lt25755-sec-0004}
-----------------------------

All DCD grafts that were included in this study were recovered from Maastricht category 3 donors. During DCD organ recovery, heparin (1000 IU/kg) was administered before withdrawal of life‐sustaining therapies (WLST).^(^ [^11^](#lt25755-bib-0011){ref-type="ref"} ^)^ The maximal warm ischemia time (WIT) for DCD livers was 30 minutes and was defined from WLST until organ perfusion, without taking pO~2~ levels or the mean arterial pressure into account. The WIT was only slightly extended in some exceptional circumstances depending on the surgeons' judgement. In case of a DCD graft with an estimated steatosis of \>10%, the organ was declined for transplantation. The recipient allocation of DCD and DBD grafts was based on the MELD score, with patients with hepatocellular carcinoma (HCC) receiving additional exception points. In the case of DCD grafts, the cold ischemia time (CIT) was aimed to stay below 8 hours, and recipients with complicated hepatectomies (need for vascular reconstructions or retransplantation) and/or portal vein thrombosis were therefore not considered for DCD LT. Donors for LDLT were only selected if they were in good health and did not suffer from underlying liver disease, abnormal liver tests, underlying medical conditions and comorbidities, or biliary and vascular anomalies.^(^ [^12^](#lt25755-bib-0012){ref-type="ref"}, [^13^](#lt25755-bib-0013){ref-type="ref"} ^)^ Only donors with an age between 18 and 60 years and donor livers with \<10% steatosis were considered for living donation.^(^ [^14^](#lt25755-bib-0014){ref-type="ref"} ^)^ Graft and donor remnant liver volumes and vascular anatomy were evaluated by triphasic computed tomography. Additionally, magnetic resonance cholangiography was undertaken for assessment of the biliary anatomy. The aim was to achieve a donor residual liver volume of ≥30% and a graft‐to‐recipient weight ratio of ≥0.8%.

A caval replacement technique was the preferred recipient procedure for DCD and DBD grafts. In all cases, the biliary anastomosis was preferably performed as a duct‐to‐duct anastomosis. Roux‐en‐Y hepaticojejunostomy was required in some cases because of underlying liver disease or unfavorable anatomical conditions.

Definition of AKI, CKD, and Post‐LT Complications {#lt25755-sec-0005}
-------------------------------------------------

AKI was defined as an increase in serum creatinine (sCr) ≥26.5 µmol/L within 48 hours or a ≥50% increase from a stable baseline sCr (sCr at transplant) within the previous 3 months. The severity of AKI was classified as follows: Stage 1: an increase in sCr ≥26.5 µmol/L or an increase ≥1.5‐2 fold from baseline.Stage 2: an increase in sCr \>2‐3× from baseline.Stage 3: an increase in sCr \>3× from baseline, or sCr ≥353.6 µmol/L with an acute increase ≥26.5 µmol/L, or initiation of RRT.

Baseline sCr was defined as stable sCr within 3 months prior to LT. The Cockcroft‐Gault formula was used to calculate estimated glomerular filtration rate (eGFR), and CKD was defined as an eGFR \<60 mL/minute for \>3 months. Patients with AKI were subclassified into full recovery (sCr at 1 month ≤ sCr at LT or within 26.5 µmol/L from sCr at LT), partial recovery (sCr at 1 month \< than peak sCr but \> than sCr at LT +26.5 µmol/L), and no recovery.^(^ [^15^](#lt25755-bib-0015){ref-type="ref"}, [^16^](#lt25755-bib-0016){ref-type="ref"} ^)^

Post‐LT complications were graded from grades 0‐5 using the Clavien‐Dindo classification.^(^ [^17^](#lt25755-bib-0017){ref-type="ref"} ^)^ Examples for the different grades include the following: Grade 0: no complications.Grade 1: nausea and vomiting or generalized edema.Grade 2: urinary tract infection (UTI), pneumonia, or rejection.Grade 3a: endoscopic or radiological treatment (eg, gastric ulcer bleeding, pneumothorax).Grade 3b: surgical treatment (eg, bleeding or bile duct revision).Grade 4a: acute renal failure or respiratory failure.Grade 4b: multiorgan failure.Grade 5: patient death.

Additionally, the comprehensive complication index (CCI) was calculated for all complications that were recorded during hospital admission or within the first 30 postoperative days in case of early discharge.^(^ [^18^](#lt25755-bib-0018){ref-type="ref"}, [^19^](#lt25755-bib-0019){ref-type="ref"} ^)^ The CCI integrates all registered complications into a formula, producing a score with a range of 0‐100 (CCI of 100 equals death). This validated score is based on the Clavien‐Dindo classification.^(^ [^19^](#lt25755-bib-0019){ref-type="ref"}, [^20^](#lt25755-bib-0020){ref-type="ref"}, [^21^](#lt25755-bib-0021){ref-type="ref"} ^)^ Furthermore, the UK DCD risk score, a recently described model to predict graft loss, has been calculated for the DCD cohort.^(^ [^22^](#lt25755-bib-0022){ref-type="ref"} ^)^

Data Analyses {#lt25755-sec-0006}
-------------

Statistical analysis was performed with SPSS, version 24.0 (IBM, Chicago, IL). Statistical differences in categorical variables were determined using chi‐square or Fisher's exact test as appropriate. Differences in continuous variables were determined using 1‐way analysis of variance or Kruskal‐Wallis test as appropriate for the variable and distribution. Graft and patient survival estimates were calculated using the Kaplan‐Meier method and compared by log‐rank test. Logistic regression and Cox regression models were used to identify the association of variables with outcomes in patients with DBD and DCD LTs. Variables with *P*\<0.200 in univariate analyses were included in multivariate analyses using backward stepwise selection. A *P*value of \<0.05 was considered as statistically significant.

Results {#lt25755-sec-0007}
=======

Donor and Recipient Characteristics {#lt25755-sec-0008}
-----------------------------------

A total of 681 patients (DCD, n = 57; DBD, n = 446; LDLT, n = 178) were included in this study. Detailed donor and recipient characteristics are shown in Table [1](#lt25755-tbl-0001){ref-type="table"}. Patients in the LDLT group were significantly younger (*P* \< 0.001) and had a significantly lower median (IQR) MELD at the time of transplantation (LDLT, 15 \[6‐46\]; DCD, 18 \[6‐40\]; DBD, 17 \[6‐56\]; *P* = 0.03). Patients in the DCD and DBD group were more often male when compared with the LDLT group (*P* \< 0.001), with HCC being the main indication (*P* \< 0.001). Most comorbidities were equally distributed between the 3 study groups. LDLT recipients displayed lower international normalized ratio (INR) values before transplantation (*P* = 0.01). Notably, median preoperative creatinine levels were significantly higher in the DCD and DBD groups (DCD, 94 \[44‐549\] µmol/L; DBD, 81 \[34‐852\] µmol/L; LDLT, 75 \[42‐438\] µmol/L; *P* \< 0.001). In addition, DCD organ recipients had an established pretransplant diagnosis of AKI more often when compared with DBD or LDLT (DCD, 26%; DBD, 20%; LDLT, 13%; *P* = 0.04).

###### 

Pretransplant Recipient and Donor Characteristics and Laboratory Data at the Time of LT

                                                                 DCD (n = 57)     DBD (n = 446)    LDLT (n = 178)   *P* Value
  -------------------------------------------------------------- ---------------- ---------------- ---------------- -----------
  Recipient characteristics                                                                                         
  Age, years                                                     58 (19‐71)       59 (19‐73)       55 (18‐70)       \<0.001
  BMI, kg/m^2^                                                   27 (18‐45)       27 (17‐46)       26 (17‐41)       0.14
  BMI ≥30 kg/m^2^                                                20 (35)          119 (27)         43 (24)          0.27
  Sex, male                                                      43 (75)          327 (73)         99 (56)          \<0.001
  HCC indicated                                                  29 (51)          207 (46)         50 (28)          \<0.001
  HCV positive                                                   20 (35)          155 (35)         45 (25)          0.07
  MELD at listing                                                16 (6‐43)        16 (6‐48)        15 (6‐40)        0.38
  MELD at transplant                                             18 (6‐40)        17 (6‐56)        15 (6‐46)        0.03
  Diabetes                                                       4 (7)            69 (15)          26 (15)          0.23
  Hypertension                                                   9 (16)           98 (22)          30 (17)          0.25
  NSBB                                                           9 (16)           40 (9)           12 (7)           0.11
  Diuretics                                                      8 (14)           69 (15)          23 (13)          0.71
  Hepatic encephalopathy                                         16 (28)          165 (37)         60 (34)          0.36
  Ascites                                                        29 (51)          233 (52)         97 (54)          0.84
  Refractory ascites                                             14 (25)          71 (16)          35 (20)          0.19
  Bilirubin, µmol/L                                              60 (9‐845)       47 (4‐1057)      46 (4‐802)       0.73
  INR                                                            1.6 (0.9‐3.6)    1.5 (0.9‐7.5)    1.4 (0.9‐4.7)    0.01
  Creatinine, µmol/L                                             94 (44‐549)      81 (34‐852)      75 (42‐438)      \<0.001
  AKI (within 18 months before LT)                               15 (26)          87 (20)          23 (13)          0.04
  Donor characteristics                                                                                             
  Age, years                                                     44 (12‐64)       53 (9‐86)        36 (17‐61)       \<0.001
  Age ≥60 years                                                  6 (10.5)         146 (32.7)       1 (0.6)          \<0.001
  Sex, male                                                      42 (74)          277 (62)         64 (36)          \<0.001
  BMI, kg/m^2^                                                   26 (17‐37)       26 (14‐49)       26 (16‐40)       0.34
  BMI ≥30 kg/m^2^                                                7 (12)           88 (20)          25 (14)          0.13
  Reason for death                                                                                                  0.15
  Anoxia                                                         16 (28)          99 (22)          ---              
  Trauma                                                         10 (17)          56 (13)          ---              
  Cerebrovascular accident                                       13 (23)          170 (38)         ---              
  Other/unknown                                                  18 (32)          121 (27)         ---              
  CIT, hours                                                     6 (0.7‐10.7)     7.1 (1.1‐18.6)   1.5 (0.4‐5.2)    \<0.001
  WIT--DCD, minutes[\*](#lt25755-note-0102){ref-type="fn"}       24 (9‐32)        ---              ---              
  WIT recipient, minutes[†](#lt25755-note-0103){ref-type="fn"}   55 (32‐151)      49 (13‐749)      44 (15‐103)      \<0.001
  Intraoperative characteristics                                                                                    
  Surgery time, hours                                            7.7 (4.9‐13.1)   7.7 (3‐18.8)     8 (3.5‐13.9)     0.03
  Blood loss, L                                                  2.5 (0‐19)       2 (0‐44)         2 (0‐17.4)       0.01
  Transfusion of pRBC, units                                     4 (0‐23)         3 (0‐26)         2 (0‐20)         0.001
  Transfusion of \>5 units of pRBC                               18 (32)          112 (25)         31 (17)          0.04
  Transfusion of platelets, units                                3 (0‐20)         2 (0‐50)         0 (0‐54)         0.001

Data are given as median (range) or n (%).

WIT for DCD organs prior to organ removal.

WIT the organ is exposed to during implantation.
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DCD donors were significantly younger compared with DBD donors, and naturally, grafts were exposed to a longer period of WIT. Analysis of intraoperative characteristics revealed a significantly higher blood turnover in DCD recipients, which resulted in more transfusions of packed red blood cells (pRBC) and platelets (Table [1](#lt25755-tbl-0001){ref-type="table"}).

Liver and Kidney Function After LT {#lt25755-sec-0009}
----------------------------------

Perioperative AKI within 7 days after transplantation occurred most frequently in the DCD group (61%; DBD, 40%; LDLT, 44%; *P* = 0.01; Table [2](#lt25755-tbl-0002){ref-type="table"}) and was associated with significantly higher post‐LT peak AST levels (DCD versus DBD versus LDLT, 1960 \[37‐13,899\] versus 937 \[68‐36,849\] versus 498 \[20‐7998\] IU/L; *P* \< 0.001). Partitioned scatterplots revealed a good correlation of peak AST and the probability to develop post‐LT AKI for all 3 types of donation (Supporting Fig. [1](#lt25755-sup-0001){ref-type="supplementary-material"}). Particularly in the DCD group, high AST levels show a high probability to develop AKI. In addition to a significantly higher post‐LT peak sCr in the DCD group (DCD versus DBD versus LDLT, 136 \[58‐448\] versus 114 \[49‐933\] versus 103 \[48‐595\] µmol/L; *P* \< 0.001), there was a trend in the DCD group toward higher proportions of patients with AKI stage 2 (DCD, 23%; DBD, 15%; LDLT, 19%; *P* = 0.16) and stage 3 (DCD, 33%; DBD, 21%; LDLT, 21%; *P* = 0.11; Table [2](#lt25755-tbl-0002){ref-type="table"}) . Nevertheless, AKI recovery rates (DCD, 78%; DBD, 72%; LDLT, 79%; *P* = 0.45), and proportions evolving into CKD within the first year after transplantation (DCD, 30%; DBD, 29%; LDLT, 30%; *P* = 0.99) were comparable between the 3 groups. As expected, not all patients who developed CKD suffered from perioperative AKI. However, within the group of patients who developed CKD in the DCD group, a high proportion suffered from AKI stage 1 (18%) and stage 2 (29%; Table [2](#lt25755-tbl-0002){ref-type="table"}). The higher total rate of AKI in the DCD group was reflected by a higher proportion of patients with complications graded Clavien Dindo ≥3b (DCD: 44% versus DBD: 24% versus LDLT: 32%; *P* = 0.003) and consequently a higher median CCI score (DCD, 33.7 \[0‐100\]; DBD, 20.9 \[0‐100\]; LDLT, 20.9 \[0‐100\]; *P* = 0.01; Table [2](#lt25755-tbl-0002){ref-type="table"}). The median UK DCD risk score was 6 (0‐13), and a higher score was not associated with post‐LT AKI (*P* = 0.41), post‐LT RRT (*P* = 0.26), or development of CKD (*P* = 0.14) in logistic regression analysis in the DCD group. The post‐LT length of intensive care unit (ICU) stay was longer in the DCD group compared with the DBD and the LDLT groups (median days \[range\], DCD, 5 \[0‐141\]; DBD, 2 \[0‐77\]; LDLT, 1 \[0‐33\]; *P* = 0.07; Table [2](#lt25755-tbl-0002){ref-type="table"}).

###### 

Perioperative and Postoperative Outcomes

                                                        DCD (n = 57)       DBD (n = 446)      LDLT (n = 178)     *P* Value
  ----------------------------------------------------- ------------------ ------------------ ------------------ -----------
  Postoperative laboratory values and kidney function                                                            
  Peak AST, U/L                                         1960 (37‐13,899)   937 (68‐36,849)    498 (20‐7998)      \<0.001
  Peak ALT, U/L                                         1037 (112‐8013)    633 (44‐16,210)    425 (108‐7509)     \<0.001
  Peak ALP, U/L                                         210 (45‐558)       160 (41‐1059)      122 (45‐1791)      \<0.001
  Peak bilirubin, µmol/L                                74 (17‐545)        68 (9‐703)         104 (10‐1006)      \<0.001
  Peak INR                                              1.82 (1.21‐7.19)   1.74 (1.13‐6.42)   2.16 (1.23‐8.36)   \<0.001
  Peak sCr (within 7 days), µmol/L                      136 (58‐448)       114 (49‐933)       103 (48‐595)       \<0.001
  AKI                                                   35 (61)            179 (40)           79 (44)            0.01
  Stage 1                                               3 (5)              19 (4)             7 (4)              0.91
  Stage 2                                               13 (23)            65 (15)            34 (19)            0.16
  Stage 3                                               19 (33)            95 (21)            38 (21)            0.11
  AKI patients with full recovery after 1 month         27 (77)            128 (72)           62 (78)            0.45
  AKI patients with partial recovery after 1 month      5 (14)             42 (23)            13 (16)            0.27
  Creatinine after 1 month                              96 (36‐382)        89 (39‐560)        76 (39‐250)        \<0.001
  Perioperative RRT                                     7 (12)             25 (6)             10 (6)             0.13
  CKD                                                   17 (30)            129 (29)           54 (30)            0.99
  CKD and AKI stage 1                                   3 (18)             5 (4)              3 (6)              0.06
  CKD and AKI stage 2                                   5 (29)             14 (11)            18 (33)            0.001
  CKD and AKI stage 3                                   6 (35)             32 (25)            13 (24)            0.62
  Posttransplant ICU stay, days                         5 (0‐141)          2 (0‐77)           1 (0‐33)           0.07
  Length of hospital stay, days                         13 (6‐141)         13 (3‐174)         12 (6‐161)         0.44
  Postoperative complications                                                                                    
  Any complication                                      41 (72)            273 (61)           114 (64)           0.27
  More than 1 complication                              23 (40)            27 (6)             54 (30)            0.42
  Clavien‐Dindo                                                                                                  
  Grade 3b                                              13 (23)            41 (9)             30 (17)            0.001
  Grade 4a                                              8 (24)             46 (10)            21 (12)            0.65
  Grade 4b                                              2 (4)              5 (1)              4 (2)              0.30
  Grade ≥3b                                             25 (44)            108 (24)           57 (32)            0.003
  CCI                                                   33.7 (0‐100)       20.9 (0‐100)       20.9 (0‐100)       0.01
  CCI \>60                                              6 (11)             25 (5.6)           10 (5.6)           0.328
  Bacteremia                                            0                  17 (4)             8 (4)              0.28
  Lung infection                                        6 (11)             25 (6)             3 (2)              0.02
  UTI                                                   5 (9)              44 (10)            17 (10)            0.96
  Peritonitis                                           2 (4)              12 (3)             10 (6)             0.20
  CMV infection                                         0                  15 (3)             4 (2)              0.31
  Immunosuppression                                                                                              
  Basiliximab                                           31 (54)            192 (43)           178 (100)          \<0.001
  Cyclosporine                                          14 (25)            78 (17)            28 (16)            0.31
  Tacrolimus                                            48 (84)            405 (91)           160 (90)           0.29
  Sirolimus                                             11 (19)            62 (14)            15 (8)             0.06
  Mycophenolate mofetil                                 27 (47)            149 (33)           43 (24)            0.003
  Mycophenolic acid                                     43 (75)            363 (81)           144 (81)           0.56
  Azathioprine                                          3 (5)              12 (3)             5 (3)              0.55
  Survival                                                                                                       
  Patient survival, %                                                                                            0.03
  1 year                                                87                 92                 96                 
  3 years                                               84                 85                 91                 
  5 years                                               64                 83                 91                 
  Graft survival, %                                                                                              0.10
  1 year                                                86                 91                 94                 
  3 years                                               82                 84                 88                 
  5 years                                               62                 82                 86                 

Data are given as median (range) or n (%) unless otherwise noted.
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Factors Associated With the Development of AKI in DBD and DCD LT {#lt25755-sec-0010}
----------------------------------------------------------------

To identify factors associated with post‐LT AKI, univariate and multivariate logistic regression models were calculated for DBD and DCD LT recipients (Table [3](#lt25755-tbl-0003){ref-type="table"}). High recipient body mass index (BMI), an indication of HCC, high MELD score at the time of transplantation, DCD donor organ, donor age ≥60 years, BMI ≥30 kg/m^2^, and high transfusion requirements were identified as significant risk factors for the development of post‐LT AKI in the univariate analysis. Interestingly, a history of pretransplant AKI could not predict post‐LT AKI. In the multivariate analysis, high recipient BMI, MELD at the time of transplantation, type of transplant (DCD), donor BMI ≥30 kg/m^2^, and the need for \>5 units of pRBC remained independent risk factors (Table [3](#lt25755-tbl-0003){ref-type="table"}).

###### 

Logistic Regression Analysis of Variables Associated With Perioperative Development of AKI in Patients With DBD or DCD LT

                                     Univariate Analysis   Multivariate Analysis                      
  ---------------------------------- --------------------- ----------------------- ------------------ -------
  Recipient                                                                                           
  Age                                0.99 (0.98‐1.01)      0.56                                       
  Sex, male                          1.15 (0.77‐1.72)      0.50                                       
  BMI ≥30 kg/m^2^                    1.98 (1.33‐2.93)      0.001                   1.68 (1.04‐2.70)   0.03
  HCC indicated                      1.50 (1.05‐2.15)      0.02                                       
  HCV positive                       1.18 (0.81‐1.70)      0.39                                       
  MELD at transplant                 1.03 (1.01‐1.05)      \<0.001                 1.02 (1.00‐1.05)   0.02
  Pre‐LT diabetes                    1.00 (0.60‐1.65)      0.99                                       
  Pre‐LT hypertension                0.93 (0.60‐1.43)      0.74                                       
  Hepatic encephalopathy             1.28 (0.89‐1.85)      0.19                                       
  Pre‐LT ascites                     1.41 (0.99‐2.01)      0.06                                       
  Refractory ascites                 1.11 (0.70‐1.78)      0.66                                       
  Pre‐LT AKI                         1.03 (0.66‐1.60)      0.89                                       
  Donor, graft, and surgery                                                                           
  Type of transplant, DCD            2.37 (1.35‐4.18)      0.003                   2.54 (1.35‐4.80)   0.004
  CIT                                1.02 (0.93‐1.11)      0.72                                       
  Donor BMI ≥30 kg/m^2^              1.74 (1.11‐2.73)      0.02                    1.88 (1.11‐3.16)   0.02
  Donor age ≥60 years                1.52 (1.03‐2.52)      0.04                                       
  Recipient WIT                      1.01 (1.00‐1.02)      0.09                                       
  Transfusion of \>5 units of pRBC   1.78 (1.19‐2.66)      0.005                   1.74 (1.08‐2.80)   0.02
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Factors Associated With Post‐LT RRT in DBD and DCD LT {#lt25755-sec-0011}
-----------------------------------------------------

Univariate and multivariate analyses were repeated with the need of post‐LT RRT as an endpoint. MELD at transplant, donor age ≥60 years, and the requirement of \>5 units of pRBC were independent significant risk factors for the need for post‐LT RRT (Table [4](#lt25755-tbl-0004){ref-type="table"}). However, transplantation of a DCD graft did not show a significant impact on the need for RRT after LT (odds ratio \[OR\], 2.44; 95% confidence interval \[CI\], 0.93‐6.43; *P* = 0.07; Table [4](#lt25755-tbl-0004){ref-type="table"}).

###### 

Logistic Regression Analysis of Variables Associated With Need of Perioperative RRT in Patients With DBD or DCD LT

                                     Univariate Analysis   Multivariate Analysis                      
  ---------------------------------- --------------------- ----------------------- ------------------ ------
  Recipient                                                                                           
  Age                                1.03 (0.99‐1.08)      0.16                    1.04 (0.99‐1.09)   0.10
  Sex, male                          1.52 (0.71‐3.25)      0.28                                       
  BMI ≥30 kg/m^2^                    1.40 (0.66‐2.99)      0.38                                       
  HCC indicated                      0.87 (0.42‐1.80)      0.71                                       
  HCV positive                       0.84 (0.39‐1.82)      0.66                                       
  MELD at transplant                 1.04 (1.00‐1.07)      0.04                    1.04 (1.01‐1.09)   0.02
  Pre‐LT diabetes                    0.59 (0.18‐2.00)      0.40                                       
  Pre‐LT hypertension                0.67 (0.25‐1.78)      0.42                                       
  Hepatic encephalopathy             0.93 (0.44‐1.97)      0.84                                       
  Pre‐LT ascites                     0.61 (0.29‐1.26)      0.18                    2.06 (0.94‐4.48)   0.07
  Pre‐LT refractory ascites          0.69 (0.24‐2.02)      0.50                                       
  Pre‐LT AKI                         0.90 (0.36‐2.25)      0.82                                       
  Donor, graft, and surgery                                                                           
  Type of transplant, DCD            2.36 (0.97‐5.73)      0.06                    2.44 (0.93‐6.43)   0.07
  CIT                                0.93 (0.75‐1.16)      0.52                                       
  Donor BMI ≥30 kg/m^2^              1.22 (0.51‐2.91)      0.66                                       
  Donor age ≥60 years                1.63 (0.78‐3.40)      0.19                    2.45 (1.08‐5.53)   0.03
  Recipient WIT                      1.00 (1.00‐1.01)      0.54                                       
  Transfusion of \>5 units of pRBC   3.13 (1.52‐6.46)      0.002                   2.84 (1.30‐6.24)   0.01
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Graft and Patient Survival After LT {#lt25755-sec-0012}
-----------------------------------

Graft and patient survival rates of the whole patient cohort are shown in Fig. [1](#lt25755-fig-0001){ref-type="fig"}. Patients who received a DCD graft had a slightly impaired longterm survival, which became apparent only after 3 years. The main reasons for death were recurrent HCC (DCD, 27%; DBD, 31%; LDLT, 31%) and sepsis/multiorgan failure (DCD, 46%; DBD, 26%; LDLT, 31%; Supporting Table [1](#lt25755-sup-0002){ref-type="supplementary-material"}). Kaplan‐Meier curves were plotted to depict the impact of AKI and the need for RRT on survival. Overall, perioperative AKI had no effect on patient survival (log‐rank *P*, 0.15; Fig. [2](#lt25755-fig-0002){ref-type="fig"}A). However, if patients developed AKI stage 3, they had a significantly lower 1‐year survival rate (82% versus 95%; *P* \< 0.001). The main reason for this was the high impact of post‐LT RRT on post‐LT survival. In patients who required RRT, survival was significantly impaired with 1‐year survival rates of only 48% versus 95% (log‐rank *P*, \<0.001; Fig. [2B](#lt25755-fig-0002){ref-type="fig"}). This strong impact of RRT on patient survival was also seen in the Cox regression models of the DBD and DCD LT cohorts, where RRT was the strongest independent risk factor for post‐LT death with a hazard ratio (HR) of 7.90 (95% CI 4.51‐13.83; *P* \< 0.001; Table [5](#lt25755-tbl-0005){ref-type="table"}). Additionally, the requirement of \>5 units of pRBC during transplantation showed a significant impact on post‐LT survival (HR, 1.86; 95% CI, 1.12‐3.07; *P* = 0.02; Table [5](#lt25755-tbl-0005){ref-type="table"}). In further subanalyses of DCD and DBD recipients, recipient and donor characteristics and postoperative outcome parameters were compared between patients with and without the need for post‐LT RRT (Supporting Tables [2](#lt25755-sup-0003){ref-type="supplementary-material"} and [3](#lt25755-sup-0004){ref-type="supplementary-material"}). In DCD recipients, MELD at listing and at transplant and serum bilirubin and creatinine at transplant were significantly higher in patients with post‐LT RRT compared with those without. Furthermore, in both DCD and DBD recipients, patients with the need of post‐LT RRT showed significantly increased blood loss and need of pRBC. Additionally, peak levels of liver enzymes were significantly higher in patients with the need of post‐LT RRT.

![(A) Patient survival and (B) graft survival are plotted in a Kaplan‐Meier curve for recipients of DCD grafts (orange dotted line), DBD grafts (green line), and LDLT grafts (blue line). Number of patients at risk at 12, 36 and 60 months after transplantation are listed in the tables below the graphs.](LT-26-799-g001){#lt25755-fig-0001}

![Post‐LT patient survival (A) of recipients developing perioperative AKI (green line) or no AKI (blue line) and (B) of those in need for post‐LT RRT versus no RRT. Number of patients at risk at 12, 36, and 60 months after transplantation are listed in the tables below the graphs.](LT-26-799-g002){#lt25755-fig-0002}

###### 

Cox Regression Analysis on the Impact of Variables on Posttransplant Patient Mortality in Patients With DBD or DCD LT

                                     Univariate Analysis   Multivariate Analysis                       
  ---------------------------------- --------------------- ----------------------- ------------------- ---------
  Recipient                                                                                            
  Age                                1.01 (0.99‐1.04)      0.31                                        
  Sex, male                          1.21 (0.68‐2.14)      0.52                                        
  BMI ≥30 kg/m^2^                    1.08 (0.63‐1.86)      0.77                                        
  HCC indicated                      1.33 (0.82‐2.15)      0.25                                        
  HCV positive                       1.49 (0.92‐2.42)      0.10                    1.56 (0.97‐2.54)    0.07
  MELD at transplant                 1.02 (0.99‐1.04)      0.21                                        
  Pre‐LT diabetes                    1.17 (0.62‐2.24)      0.63                                        
  Pre‐LT hypertension                1.14 (0.65‐2.01)      0.64                                        
  Hepatic encephalopathy             1.08 (0.66‐1.76)      0.77                                        
  Pre‐LT ascites                     0.97 (0.60‐1.59)      0.93                                        
  Pre‐LT AKI                         1.16 (0.66‐2.02)      0.60                                        
  Donor, graft, and surgery                                                                            
  Type of transplant, DCD            1.51 (0.79‐2.89)      0.21                                        
  CIT                                0.99 (0.88‐1.12)      0.91                                        
  Donor BMI ≥30 kg/m^2^              1.52 (0.86‐2.66)      0.15                                        
  Donor age ≥60 years                1.40 (0.86‐2.30)      0.18                                        
  Recipient WIT                      1.00 (0.99‐1.01)      0.82                                        
  Transfusion of \>5 units of pRBC   2.24 (1.37‐3.65)      0.00                    1.86 (1.12‐3.07)    0.02
  Posttransplant parameters                                                                            
  Perioperative AKI                  1.31 (0.81‐2.12)      0.27                                        
  Perioperative RRT                  8.76 (5.08‐15.12)     \<0.001                 7.90 (4.51‐13.83)   \<0.001
  CKD                                1.16 (0.64‐2.09)      0.63                                        
  Bacteremia                         2.63 (1.06‐6.54)      0.04                                        
  Lung infection                     0.83 (0.30‐2.28)      0.72                                        
  UTI                                0.68 (0.27‐1.68)      0.34                                        
  Peritonitis                        1.46 (0.46‐4.67)      0.52                                        
  CMV infection                      1.62 (0.51‐5.17)      0.41                                        
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Discussion {#lt25755-sec-0013}
==========

Within the last years, DCD donation has been adopted by many LT centers to address increasing organ shortage. DCD donation is associated with higher rates of perioperative complications and a slightly reduced overall survival. In addition, there is limited evidence that DCD donation is also associated with a higher risk of perioperative kidney failure. The aim of this study was to revisit the impact of DCD on post‐LT kidney function in a contemporary patient cohort from a large‐volume center and to compare it with both LDLT and DBD donation.

The most comprehensive study on DCD and AKI has been published by the Birmingham group in 2012.^(^ [^7^](#lt25755-bib-0007){ref-type="ref"} ^)^ Leithead et al.^(^ [^7^](#lt25755-bib-0007){ref-type="ref"} ^)^ used the RIFLE (Risk, Injury, Failure, Loss, and End‐Stage Kidney Disease) criteria to define perioperative kidney dysfunction, whereas in the current study the KDIGO (Kidney Disease: Improving Global Outcomes) criteria were applied.^(^ [^15^](#lt25755-bib-0015){ref-type="ref"} ^)^ Nevertheless, in a propensity score--matched analysis, the authors showed that DCD LT led to higher rates of AKI and CKD within the first 3 years of transplantation. In their cohort, AKI resulted in significantly lower 3‐ and 5‐year survival rates.

We found several differences compared with the Birmingham cohort. First, perioperative AKI had no impact on overall survival in our cohort of patients. The reason for this is probably a high rate of full recovery within 1 month after LT (77%) and only a minority of patients with severe AKI after LT and the need for RRT. However, patients who developed AKI stage 3 showed significantly lower survival. Furthermore, the subgroup of patients with need for RRT after LT had a dismal prognosis, with a 48% survival rate within the first year after transplantation. Second, transfusion requirement was an important and independent risk factor for post‐LT AKI as well as the need for RRT in our patient cohort but was less relevant in the Birmingham cohort. The amount of pRBC seems to play a critical role since in our cohort transfusion requirements \>5 units correlated with an impaired post‐LT kidney function. This is well in‐line with literature on cardiac^(^ [^23^](#lt25755-bib-0023){ref-type="ref"} ^)^ and vascular surgical patients^(^ [^24^](#lt25755-bib-0024){ref-type="ref"} ^)^ as well as non‐DCD LT patients.^(^ [^25^](#lt25755-bib-0025){ref-type="ref"} ^)^

Recipient selection is a critical factor to reduce post‐LT AKI. In our patient cohort, a history of pre‐LT AKI as well as higher sCr at the time of transplant had no impact on post‐LT kidney function. Patients with the need of pretransplant RRT were excluded from analyses in this study, due to the known impact on posttransplant renal insufficiency and patient survival. Therefore, prerenal azotemia was the origin of pretransplant AKI in the majority of patients. This might explain the lower impact on post‐LT outcome compared with other studies. Prerenal azotemia was treated with volume replacement with albumin and the removal of all diuretics.

We could confirm previously published data, showing that peak AST was associated with post‐LT AKI.^(^ [^26^](#lt25755-bib-0026){ref-type="ref"} ^)^ AST is a well‐established surrogate marker of hepatic ischemia/reperfusion injury.^(^ [^27^](#lt25755-bib-0027){ref-type="ref"} ^)^ We could show that after correcting for other confounding factors, levels of peak AST correlated with the probability to develop AKI (Supporting Fig. [1](#lt25755-sup-0001){ref-type="supplementary-material"}). The development of AKI after transplantation is multifactorial. Besides the hemodynamic instability and renal ischemia during transplantation, severe ischemia/reperfusion injury triggers an inflammatory cascade that leads to a systemic inflammatory response.^(^ [^28^](#lt25755-bib-0028){ref-type="ref"} ^)^ The systemic inflammatory response is responsible for multiorgan dysfunction,^(^ [^29^](#lt25755-bib-0029){ref-type="ref"}, [^30^](#lt25755-bib-0030){ref-type="ref"} ^)^ and high‐risk organs, such as DCD grafts, are more susceptible to ischemia/reperfusion injury. A DCD LT was an independent risk factor for the development of AKI in this study (OR, 2.54; 95% CI, 1.35‐4.80; *P* = 0.004). In case of post‐LT AKI, adaption of immunosuppression to a renal‐sparing regimen is essential.^(^ [^31^](#lt25755-bib-0031){ref-type="ref"} ^)^ AKI was not an independent predictor for the development of post‐LT CKD or RRT. Even more so, our data show that a high proportion of patients who developed CKD did not suffer from AKI after transplantation. This underlines the still unsolved problem of chronic kidney damage caused by longterm immunosuppression. Although no uniform algorithm is followed in our center, we aim to minimize calcineurin inhibitors (CNIs) by introducing a second agent (proliferation inhibitor) in patients with impaired kidney function. Patients without proteinuria are switched to mTOR inhibitors. Furthermore, delayed introduction of CNI‐sparing protocols has been shown to be safe with excellent longterm kidney function.^(^ [^32^](#lt25755-bib-0032){ref-type="ref"}, [^33^](#lt25755-bib-0033){ref-type="ref"} ^)^ Basiliximab as induction therapy with a delayed introduction of CNIs is currently only standard in patients with LDLT at our institution. Additionally, all deceased donor recipients (DCD or DBD) with AKI receive basiliximab in order to delay the introduction of CNIs. In total, 54% of patients received basiliximab as induction therapy in the DCD cohort, and delayed introduction in this group, which is most prone to post‐LT kidney injury, should be further investigated.

AKI stage 3 and the need for post‐LT RRT had a strong impact on post‐LT survival. The development of post‐LT AKI was associated with a high MELD at transplant and a high recipient BMI (possibly related to significant inflammation associated with nonalcoholic fatty liver disease).^(^ [^34^](#lt25755-bib-0034){ref-type="ref"} ^)^ We believe that these factors should alert the transplant team to pre‐emptively adapt post‐LT therapies, including a delayed introduction of CNIs. Furthermore, in DCD recipients, a high MELD score and high sCr at transplant predisposed to the need of post‐LT RRT. Therefore, allocation of DCD organs to patients with these factors should be carefully evaluated. Recipients of DCD organs were more often in need of post‐LT RRT compared with recipients of DBD organs (12% versus 6%); however, this did not reach significance. Notably, this impact might be stronger in a larger cohort of DCD recipients. In the Cox regression analysis, DCD was not an independent predictor of post‐LT survival. Nevertheless, patients who received a DCD organ showed poorer longterm patient survival when compared with DBD or LDLT recipients. Overall, the accumulation of risk factors should be avoided since this increases the risk for post‐LT RRT, finally leading to an increased mortality.

This study has several limitations. First, it is a single‐center analysis, and statistical power is thus limited by the sample size. However, this single‐center approach facilitates data reporting at a granular level, which cannot be reached in large multicenter studies or registry analyses. In addition, the number of DCD recipients was relatively small in this cohort. Studies with a larger sample size and a multi‐institutional approach to study kidney function after LT would be desirable. Notably, hypothermic machine perfusion of liver grafts prior to transplantation has recently been shown to reduce postreperfusion injury as well as instances of stage 2‐3 AKI after transplantation.^(^ [^35^](#lt25755-bib-0035){ref-type="ref"} ^)^ Further studies investigating the impact of the various types of machine perfusion on post‐LT kidney injury are needed.

In conclusion, we found that recipients of DCD organs have a higher rate of short‐term post‐LT renal dysfunction compared with DBD or LDLT liver recipients. However, in most cases, kidney impairment is restricted to mild‐to‐moderate AKI, which has no impact on post‐LT survival. To prevent severe kidney failure, which directly impacts mortality, risk factors including massive transfusions and donor age \>60 years should be avoided. Furthermore, allocation of DCD organs to patients with high MELD score and high sCr should be avoided because those factors were associated with the need of post‐LT RRT.
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